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Its essential feature is that J^^v shown that it is 
possible, contrary to usual opinion, to hav a biochemically 
plausible theory of memory in which th infbrma^on is 
actually stored in coded form by modifying the DNA of 
the cell. Our model, like the genetic switching- theory # * 7 , 
does giv a capacity of a reasonabi order (»10 10 X 
log, p, where X is the number of tick ted cistrons per cell 
involved in memory). 

Finally, the matter of specificity of connexion between 
nerve cells is easy to incorporate into the present model, 
in a manner similar to the previous one 4 - 7 , by supposing 
that the X ticketed cistrons produce X different proteins 
each having specific growth-promoting ability for parti- 
cular categories of neurones. 

Experimental Tests 

One major difficulty in the experimental search for the 
physical basis of memory is the small amount of chemical 
modification per cell, or per synapse, which may occur 
during a learning experiment. In the present model, for 
example, we cannot bo sure that there need be more than 
a few hundred transmethylations of bases per second 
throughout the whole brain in order to obtain sufficient 
information storage per second 10 . Of course, this may 
well be a gross underestimate, but it illustrates starkly 
the possible magnitude of the experimental problem. 
Nevertheless there arc certain definite lines of attack on 
testing the model. Methylation requires s-adenosyl 
methionine to provide the methyl group and therefore 
lack of the essential amiiio-acid methionine would be 
expected to be associated with disturbances of memory. 
The number of tickets per cistron might well be in the 
hundreds and consequently the methylated bases would 
tend to be clumped together in this way. Finally, one 
might well expect a systematic alteration with age in 
tho number of methylated bases, probably showing a 
dependence on the degrco of stimulation or severity of 
learning programmes to which the animal has been 
subjected. 

Some observations not inconsistent with tho model have 
already been cited. In addition, the demonstrations that 
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• be the d terminant in th speeifi 0 
destructi n of YorJ^^DNA**; that ribosomes contain an 
ndonuclease which might qualify as th tick t-removing 
nzym ,7 ; and that neuronal DNA does appear to be 
capabl of some form of limited turnover**, all suggest 
that th kind of mod 1 just presented at least warrants 
further xploration. 
Beoelved April 21. 1969. 
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Radioactive RNA introduced into 
to form hybrids with nuclear DNA. 
can be detected by autoradiography. 



"target" cells can be induced 
The location of these hybrids 



Using RNA-DNA hybridization it is possible to detect 
and characterize certain specific DNA segments, for 
example, those specifying transfer RNA in bacteria 1 , 
mRNA of phages 1 , and ribosomal RNA of bacteria, 
insects 3 and ampliibia*. But it is not yet possible to assign 
tho chromosomal location of a given DNA segment by 
means other than conventional cytogenetic and genetic 
analysis. Thus chromosomal mapping of sequences detect- 
able' by molecular hybridization is limited to a small 
number of genetically favourable organisms, or to rare 
viable deletion mutants 4 , or to comparisons between the 
sex chromosomes of some organisms 5 . Methods of genomic 
analysis now include the detection of families of DNA 
sequences by DNA renaturation kinetics 6 . This approach 
has shown that much of the genome of higher organisms 



may consist of similar sequences repeated hundreds of 
thousands of times. The significance, function and chromo- 
somal distribution of these families of DNA molecules are, 
however, not known. Clearly methods arc required wnicn 
can integrate this new molecular information within tne 
established framework of conventional chromosome 

CVtologV. .n A 

* Given complementary RNA of sufficiently high specific 
activitv, the reiterated nature and large size of many 
families of DNA sequences favour both their ^activity 
in hybridization reactions and the deteotabihty of tne 
product. RNA complementary to ribosomal cistrons can 
readilv be obtained by fractionation. Other RNA L^? 
in theorv bo prepared by synthesis on an appropriate DJNA 
template in vitro. Theoretically therefore many sucn 
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regions come within range of autorad^Hiphic detection 
if DNA-RNA hybrids can be fabricatec^rithin nuclei and 
chromosomes. W have successfully d v loped ~ two 
alternative techniques for in situ hybridization with 
HeLa cells grown in monolayer culture and Xenopus 
oocyt preparations of metamorphosing tadpoles. Radio- 
active RNA can be introduced into suitably prepared 
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uridine-5-T ( > 10,000 rn^^M) in Eagle's minimum essen- 
tial medium for at least nays. Total (long pulse-labelled) 
RNA was prepared from thes cells by cold and h t phenol 
xtracti n 7 . Th extracted RNA was dissolved in 4-0 ml. 
0-3 M saline-EDTA*, pH 7-2, mixed with 5-1 g CsCl, and 
the averag density of the solution adjusted to 1-70 g cm-*. 
The sample was centrifuged in a fixed angle rotor for 48 h 
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Hnn of of intact previously unlabeled HeLa cells to show the distribu- 

Sva 0 !* I SS??? Uve , M£ ^ 016 flowing treatments: a, reacted with HeLa total 

SvL ^^ a Sv?°i °fi nd Wi , th K BNase , (for detaiUl ** text)-note presence of 

KAase-resIstant RNA in the nucleus and absence in cytoplasm; 6, reacted with Xenovus 

^u^i^X^^ a r' ^ C fi Dd SC5 and 5 hen witil KNale-note n^cd 

nvi iS2 w™i^°^S f 4 r ? di0 ^, tIve .v B ' NA content with reduced homology between 

60 C and then post-Incubated in 01 x SSC at 100° C for 10 min before treatment witli 
of^r^WA^Sh^ 1 * 16 " duct i°"? f ^are-resistant RNA consistent with dissociation 
?«?££~iSl A p^ brit } to , rclea f e uA te BNaaMUBoeptlble; d, similar treatment 
thJ ■<SlSSL? W f treatment omitted— note considerable unspeciflc trapping of 11XA in 
J^iSSX^S^lr^ f <»ntrast and bright add photomicrographs of the same 

KrfKVvSv C ^ PJW" 6 ! 1 * 1 8 miUrI ? to « to show intact cytoplasmic regions free of 
radioactivity and well defined nuclear autoradlograph. HeLa RNA 0-61 x io» ap.ni./zig. 
.U,wpu* RNA 0-33x10* cp.m /» Both used at 50 W /01 ml 2xSSC Exi"^ure 
6 days. Giemsa, bright 0eld. 



*tact "target" cells where it can be hybridized to nuclear 
UNA in situ and detected autoradiographically. We have 
, confirmed the location of amplified ribosomal 

UNA in the nuclei of oocytes of Xenopvs laevis usinff 
kbelled 285 RNA. 6 

Preparation of Labelled RNA 

. HeLa cells and Xenopua kidney line cells were grown 
* monolaj'er cultures and incubated with 25 |xCi/ml. 



at 20° C at 43,000 r.p.m. to pellet the RNA and float off 
contaminating DNA and protein. The RNA was shown to 
have high molecular weight by polyacrylamide gel electro- 
phoresis 8 . The specific activity of the RNA used was in 
excess of 50,000 c.p.m./jjtg. The counting efficiency of 
3 H-RNA on filters was of the order of 10 per cent. 

* 0-3 M saline-EDTA. 0-3 M XaCI + 0 03 M sodium citrate + 0 001 M 
EDTA + 0 01 M tri* HCl, pK 7-2; SSC 015 M NaCl, 0*015 M Xn-citrate, 
pK 7-2. 
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For the preparation of Xenop^Hbosomal BNA, mono- 
layer cultures of Xenopus kidn^^cells which had been 
incubated with isotope for 5 days were chaseoVfor a 2 day 
period with five changes of medium. RNA was extracted 
and the ribosomal BNA components separated by sucrose 
gradient centrifugation". Th peak fractions~at 285 and 
185 were collected and the sucrose removed by nitration 
in 0*1 xSSC through a 'Sephadex G-25' column. 



Treatment of Target Cells with Radioactive RNA 
after Lyophilization 

HcLa cells were grown on eovorslips and, while still 
attached to the glass, wore rinsed in physiological saline, 
quick frozen to — 70° C on dry ice and lyophilized. Radio- 
active RNA was introduced into the "target" HeLa cells 
by rehydrating previously lyophilized cells with solutions 
of RNA. Small (approx/ 2x3 mm) pieces of covcr- 
slips bearing the lyophilized cells were immersed in 0*1 m!. 
cold 2 x SSC, pK 7-2, containing ;>0 |xg RNA contained 
in a 1 ml. tube. The tube was coven d and transferred to 
a boiling water bath for 5 miu to denature the DNA, 
cooled rapidly in ice and then it 'incubated at 60° C for a 
further 15 min and again cooled in ice. Tho glass slips 
were then washed repeatedly in 0-3 M saline— EDTA, 
pH 7*2, incubated with KXasc (1*0 (Ag/ml. 0*3 M salinc- 
EDTA, pH 7*2, 30° C, 15 miu; Worthington RNase A) 
to remove non-hybridized RNA 1 " and washed in saline- 
EDTA. After dehydration tluough alcohol scries the slips 
were mounted on gelatine coated slides and covered with 
Kodak All 10 stripping film. 

For biochemical demonstrations of RNA-DNA hybrids, 
cells in plastic culture dishes were treated with trypsin, 
washed twice with physiological saline to remove trypsin, 
counted and pelleted. Pellets containing 5 x 10 6 cells were 
rapidly frozen to — 70° C, lyophilized end then re- 
hydrated at 0° C in 0-1 ml. RNA solution in 2 x SSC as 
given here. The rehydrated cells were covered with paraffin 
oil and incubated at 100° C amd 00° C. After incubation 
at 00° C, 4*5 ml. cold 0-3 M salinc-EDTA, pH 12, was 
then added to the chilled cells which were then homogen- 
ized in the presence of promise (200 (xg/ml., Sigma) and 
SLS (0-1 per cent). To release hybrids from the cells, de- 
prot ionization was allowed to proceed at 00° C for 120 nun 
with repeated hoinogenization at 30 min intervals. The 
hybrid in the homogenato was isolated by CsCl density- 
gradient cent r if ligation in a fixed-angle rotor 11 . 4*0 ml. 
of the cooled homogenato was added to 5*1 g CsCl 
in an MSE rotor No. 2410 centrifuge tube, mixed 
thoroughly and adjusted to an average density of 1*70 g 
cm- 3 . After centrifugation at 43,000 r.p.m. for 48 h at 
20° C, 1 g fractions were collected by piercing the tube, 
diluted with 4*0 ml. of salinc-EDTA and the absorbancy 
determined at 200 mmicrons. 

Filter-retained RNasc-resistant radioactivity in the frac- 
tions was determined using procedures based on the 
methods of Nygaard and Hall 12 and Yankofsky and 
Spiegelman 10 . 1*0 ml. fractions wore filtered through 
0*45 micron HAWP 25 mm 'Milliporo* niters, which 
were then washed twice with 0*3 M salinc-EDTA before 
being incubated in RNase (1*0 jig/ml., 30° C, 15 min in 
2 x SSC). Incubated filters were rinsed in cold salinc- 
EDTA, dried and the radioactivity determined in a 
Nuclear-Chicago Unilux scintillation counter using toluene 
scintillation medium (2*5 L toluene, 12*5 g PPO, 0*75 g 
POPOP). 

Treatment of Target Cells with Radioactive RNA 
after Acetic Acid Squashing 

Ovaries from metamorphosing Xenopus tadpoles (stage 
65) were fixed in 3 : 1 alcohol : acetic acid and tapped out 
in 45 per cent acetic acid on silicone treated slides. The 
preparation was squashed lightly under a 5 x 5 mm cover - 
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reparation was detached from 
"it alcohol, dehydrated in thanol 



slip. The squasl^ 
coverslip in 70 

and dried in vacuo. To denature th rDNA the preparation 
was then dipped in 0-1 x SSC at 100° C for 3 min and 
immediately cooled in 0-1 x SSC at 0° C, quickly (fe. 
hydrated in alcohol and dried as b f re. The dry prepara- 
tion was then placed on a drop of about 2 pi. of radioactive 
285 RNA in 2 x SSC and the edges seal d with rubber 
solution. The sealed preparation was incubated at 70° c 
for 10 min to anneal the RNA to the denatured rDNA, 
after which the coverslip was detached in 2 x SSC, washed 
and RNase treated (1-5 fzg/ml., 30° C, 15 min, in 2 x SSC). 
After further washing, the coverslip was mounted on a 
microscope slide with the cells uppermost and stripping 
film applied for autoradiography. 



RNA-DNA Hybridization in situ 

After lyophilization and after being incubated as 
described, HeLa cell monolayers rehydrated with radio- 
active RNA solutions free of DNA show considerable 
retention of intranuclear RNA in RNase-resistant form 
(Fig. la). Note that cytoplasm is free of grains. Pellets 
of similarly treated cells, after lysis in detergent and suit- 
able deproteinization, yielded RNase resistant radio- 
activity on CsCl gradients at buoyant densities slightly 
higher than that of tho DNA (Fig.*2). 




Fractions: rotor centre-*- 

Fiji. 2. CsCl densltv uradient analysis of the RNA-DtfA hybrid 
recovered from intact HcLa cells. Vroccdures as d^bw W text; 
4x W HcLa cells were reacted with 50 /<g HcLa total UNA (13 x iu 

c.p.ni.///c). □ Q Ahsorhancy (2(10 mmicrons); O-— O. tmer 

retained, ribonuclcasc-mjiatnnt radioactivity. DNA bands at a buoyant 
density of 1-690 (arrowed). 



Dcnaturation of the DNA at 100° C is an absolute 
requirement for hybridization. Hybrids were not recovered 
on CsCl densitv gradients (Fig. 46) when lyopluhzed cells 
were incubated at 00° C without previous denaturation 
of the DNA at 100° C. Similarly, oocyte cap nuclei (see 
here) failed to yield any significant autoradiographic 
grains,, if the tissue had not been treated at 100 0. 
Heating at 60° C may, however, be omitted after heating 
at 100° C without affecting the recovery of hybrids (Fig. 
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4c). This indicates that the hybrids ar^^rmed rapidly 
on cooling from 100° C. Hybrids were still recovered 
when the temperature of deproteinization was reduced 
from 60° C to 0° C (Fig. 4d). In addition, when cells were 
reacted with radioactive RNA and the incubation mix- 
ture, after extensive dilution, treated with RNase before 
deproteinization, hybrid was still recovered, with a slightly 
increased yield in relation to th controls. This combined 
evidence eliminates the possibility that hybrid was formed 
during the deproteinization step at 60° C. 

The intranuclear radioactive molecules were dissociated 
in situ and rendered RNase-sensitive by heating in 
0-lxSSC at 100° C, a treatment which is known to 
destroy hybrids (Fig. 1c). Likewise the DNA -associated 
radioactivity was rendered sensitive to RNase action as 
the compounds recovered from CsCl gradients were heated 
in SSC over a range of 60°-100° C. 



graphic method is meas fl^ the specific retention by 
hybridization of the inputRNA. 

Estimations of the extent of hybrid formation on the 
basis of gram yield, assuming an autoradiographic 
efficiency of 10 per cent" and a DNA content per nucleus 

tI n 10 ~" g ' gave a vaIue of fche order of 1-2 P er cent. 
If allowance is made for the errors arising out of the 
different methods, this corresponds reasonably satisfac- 
torily with the value of 0-4 per cent calculated for the 
hybrids recovered on CsCl from parallel experiments using 
the same sample of RNA, and supports our conclusion 
that RNase-rcsistant radiorctivitv demonstrated fov auto, 
radiography may bo attributed to RNA-DNA hybrids 
funned %n silu. The; greatly decreased RN*;xc-resistant 
activity recovered from CsCl gradients and in autoradio- 
graphy from heterologous reactions show* that these 
hybrids arc highly specific (sec below). 
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Fractions: rotor centre-*- 

£ ig * 3, «£ s y I tensity gradient analysis of the hybridization of hetero- 
logous 11XA to intact He La cells, a. Control; 5 x 10* HeLa cclS w«£ 

/n ' 10 HeLa CclIs were reacted with 50 ua Xenopus total lt\ T 4 
S^ X f«? th; P f? , V / n fi h ) % 1° facU ^ tate ^ParisoSfailo"vSn?o h as beVn 
r ? T 2i* fact tha L * hc 8 P cciftc radioactivity of the Xenopus RVA 
was only 25 per cent of the value for the HeLa ceil RNA In the flmVre 
therefore, the Xeiumti* rtuUnantM** tJlIrflr: J-J} _ U L° 1 "ffurc. 



nuclease-resistant radioactivity 



When heterologous (total, pulse-labelled) Xenopus RNA 
^as introduced into HeLa cells in conditions identical to 
"lose used in homologous reactions the autoradiographic 
imago was much reduced (Fig. 16). Similarly the recover- 
awe DNA-associated RNase-resistant radioactivity on 
Wl gradients was drastically reduced compared with 
that recovered using homologous RNA (Fig. 3). Both 
Jesuits are expected on the basis of a reduced comple- 
mentarity between heterologous nucleic acid. The dearth 
Jt silver grains over the HeLa cell nuclei when Xenoptts 
««A is used in the reaction shows that the autoradio- 
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Fractions: rotor centre—* 

Fig. 4. Analysis by CsCl gradients of experiments in which the hybrid- 
ization procedure was varied, a. Standard procedure (as described in 

JXVV. fcw 1 ? * m *i nt - wh ! ch the 00,18 and RXA worc incubated at 
1?° V <^A ouiaturation) u * aa omitted: the mixture was incubated 
at 60 C for 15 min; r, the cells and KXA were incubated at 100°C 
but the stage at whicli they were incubated at 60° C was omitted; 
; l!?,? 011 ? and } tXA were incubated at 100 ; t\ chilled and deprotcinized 
SI*?i ivftftl? ?2? 5 x 10 ,* *? cl £ 00113 were reacted with 50 w HeLa 

total .UN A< 0*01 x 10 4 c.p.in./jig). □ n, Absorbancy (260 mmicrons); 

O C. filter-retained, ribonucleasc-resistant RSA. 



Our studies clearly show that RNA synthesized in 
vivo anneals in hybrid form to HeLa cell nuclei in the 
conditions used. From work on isolated chromatin it 
could be suggested that nucleohistones might not have 
fully denatured at 100° C in 2 x SSC, because DNA bound 
to hist ones denatures some 14° C higher than does DNA 
which is not (or not tenaciously) bound to histones"*". If 
these biochemical studies on nucleohistonc relate directly 
to the state of the DNA found in situ, our hybridization 
techniques could, in suitably chosen conditions, be 
extended to provide an interesting method for studying 
repressed and dereprcssed chromatin"- 18 at a cytological 
level. In subsequent experiments (see here) we have used 
0-1 x SSC at 100° C to denature nuclear DNA. AVe now 
use this procedure routinely and it is designed to eliminate 
all possible effects arising from differential melting of 
chromatin. 
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It was anticipated that renaj^B^ii 



fr ion of the DNA strands 
would be an important limitin^Ktor in hybrid formation. 
We attempted to offset this by using RNA at high con- 
centration (500 (jtg/mL). Despite the high concentration of 
RNA we suspect that DNA-DNA renaturation still effec- 
tively competes with RNA-DNA hybridization to bring 
the latter reaction to a rapid and incomplete end point. 
The fact that th hybridization ccurs in a matter of 
seconds supports this contention. 
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except for the ^^eolar organizer region which contains 
0 012 tx{xg of ritj^nal cistronic RNA*. 

Diploid nuclei contain two nucleolar organizers and 
hence 0*024 y.pg ribosomal cistroni DNA. The chromo- 
somes and non -amplified nuclei therefore provide an 
opportunity to estimate the extent of non-specific trapping 
because on the basis of their content of 2SS base-comple. 
mentary DNA they should retain insignificant radio- 
activity in comparison with the caps. To make our 




Fig. 5. «, Pachytene nucleus of .W««/m* oocyte with a conspicuous rap of cxlr;irlimni<»- 
snmal rl)NA which contains tUNHicncea homologous to rR.VA : phase contrast: 
6, autoradiograph of a similar preparation to a after hybridizing to radioactive rltN A; 
note two nuclei with radioactive rajis toilet her with an oouonial nucleus without a rap: 
the latter, which dues not contain amplified rl).N A. has no grains above ImrkKruiiud : 
stained with tnluidinc hhic: <*, squash preparation of late pachytene oocyte nucleus to 
si tow radioactive cap and i ion -radioactive chromosomes after hyliriiliTUtttoii with 
rKXA; stained toluidine blue: <f, He ha monolayer cell preparation autoradiographed after 
hybridization with Isolated He La total UNA to show preferential localization of radio- 
active UNA In nucleolar and peripheral chromatin. The distribution uf radioactivity 
strikhigly resembles tliat obtained when living ceils incorporate radioactive u.\\.\ pre- 
cursotH. Jtriglit field unstained, ft and r» AWm/>«* 28. S rltN A 00 x 1U ; c.p.m,//*g. Kxi I 
4 days, d, He La total UNA 0*55 x 10* c.p.in. //■■*. Kxposcd 7 days. 



There is further evidence thai, despite the alacrity of 
the reaction, base -complementarity between RNA and 
DNA is the important factor in the retention of RNA 
within intact nuclei. The evidence comes from experi- 
ments in which purified 28*S RNA was reacted with young 
oocytes of Xetwjma (see here) which contain a mass of 
extraehromosomal DNA representing the accumulated 
amplified ribosomal cistrons 19 . In this cell the amplified 
DNA moss (25-30 fi|ig) lies in the form of a cap close to 
the nuclear membrane (Fig. 5a), quite distinct from the 
chromosomes, which themselves contain a 4C amount of 
DNA, 12 (xjig. The cap contains a more than 1,000-fold 
amplification of the cistrons specific for 285 and 18*$ 
RNA and will hybridize with rRNA to approximately 
18 per cent of the total mass 20 . The chromosomes, on the 
other hand, contain no DNA complementary to rRNA 



hybridization work comparable wil h previous cytological 
and cytocheiuical work, we have used the acetic acid 
squashing technique as an initial step for the hybridiza- 
tion reaction (sec hen*). In these conditions the ovarif-n 
tissue disperses well and both caps and chromosomes are 
clearly dist inguishable after in situ hybridization (Fig. oc). 

In our hybrid izat ion experiments we. found that, 
whereas the caps themselves retained considerable 
amounts of 28£ RNA (Figs. r>b and c), few or no grains 
were located over the clironiosomes in cap nuclei or over 
interphase nuclei without caps. Even allowing for a 
DNA mass twice tliat of the pre -amplifying oocyte nucleus, 
or four times that of the somatic diploid nucleus, it is 
clear that the cap DNA is still vastly more efficient at 
hybridizing with rRNA than any other DNA fo'"*d in the 
ovarian tissue. 
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The following further observatiflMpupport our claim 
that the RNA-DNA hybrid formation is highly specific : 
Complementary UNA synthesized in vitro by bacterial 
BNA polymerase on rDNA f anneals specifically to the 
nuclear cap DNA, whil complementary UNA made on 
unfractionated Xenopus DNA does not. Pulse-labelled 
RNA from HeLa cell (1*3 x 10 5 c.p.m./(xg yi Ids a dense 
autoradiography (Fig. I), pulse -chase labelled and purified 
28S RNA from HeLa (0-9 x 10* c.p.m./ug) after identical 
exposure to the photographic emulsion does not. Further- 
more, complementary RNA produced on DrosophUa DNA 
hybridizes to a multitude of DNA bands in polytene 
salivary gland chromosomes, but Xenopus rRNA of similar 
specific activity does not (K. W. J. and F. Robertson, 
unpublished). For these reasons we conclude that the 
. technique of in situ hybridization is a specific and sensitive 
method for demonstrating the cytological distribution of 
certain DNA sequences. While this manuscript Wus in 
preparation we heard that Dr J. Gall's group has achieved 
essentially similar results with different techniques 80 * 41 . 

During this work H. A. J. was supported by an SRC 
research fellowship. The work was financed in part by 
an SRC grant to one of us (K. W. J.). 
Beceived March 17; revised May 7, 1969. 

iDubnau, D. f Smith, I., and Marmur, J., Proc. US Nat. Acad. Sci., 54, 724 
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The Galapagos iguana has evolved a cooling and heating system 
which involves temperature sensitive cutaneous blood vessels. 
Local cutaneous vascular responses to temperature variations explain 
differences in heating and cooling rates as well as thermal stability 
in the face of extreme thermal loads in the environment. 



Tiie wide range of temperatures to which the Galapagos 
marine iguana (Amblyrhynchus cristatus) is exposed during 
a single daily cycle has focused attention on this lizard 
is a valuable animal for studies of reptilian thermo- 
regulation 1 . It is clear that behavioural factors play a 
major, part both in heat acquisition and in thermal 
stabilization among reptiles*. That physiological mechan- 
isms are involved is implied from observations on heating 
and cooling rates of Amblyrhynchus, which heats approxi- 
mately twice as rapidly as it cools 3 . At any given body 
temperature, heart- rate was slower during cooling than 
during heating 3 . The same relationships were observed 
for representatives of the Agamidae, Varanidae and 
Scincidae 4 - 6 ; however, the ratio of cooling to heating rate 
for Amblyrhynchus appears to be the lowest (approxi- 
mately 0-5). Thus far, the nature of the circulatory 
adjustments during heating and cooling has remained 
obscure. Here we present evidence, based on 133 Xe 
clearance from the subcutaneous space, that cutaneous 
vasomotor responses are associated with heating and 
cooling and that such responses are primar}' adjustments 
determining thermal transfer between Amblyrhynchus and 
f lie environment. 

We used two marine iguanas, collected from Isla 
Fernandina in November 1967. Subcutaneous and rectal 
temper: "^s and heart rate were monitored as animals 
* v ere heated and cooled while secured to a wooden frame. 



The animals were heated by an overhead infrared lamp 
(GE 250 W). Estimates of cutaneous blood flow were 
made by the l33 Xe clearance technique 7 . Approximately 
0-05 mCi l33 Xe in 0-9 per cent saline (0-025 ml.) was 
injected subcutaneously and the rate of removal of the 
isotope was continuously monitored (Fig. 1). 

Our initial 133 Xe clearance studies involved the skin 
area just cephalad and dorsad of the proximal portion of 
the hind limb. The washout curves obtained from this 
area were characterized by an initial slope with a faster 
time constant than the slower secondary component 
which developed about 8 to 10 min after injection. 
Subcutaneous injection in this site initially deposits the 
isotope between skeletal muscle and skin. Because of the 
possibility that we were observing clearances from both 
muscle and skin, we selected a site in the caudal half of the 
tail where muscle mass is minimal. Subcutaneous injection 
in this site gave a single exponential slope over periods of 
1 h when the animal was held at a constant temperature. 
It should be pointed out that, once the slower constant 
slope component was established in the flank area, thermal 
stimulation induced changes in slope which were qualita- 
tively similar to those reported for the tail site. We have 
not attempted to calculate the blood flow in absolute 
units because we have no knowledge of the partition 
coefficient between skin and blood 8 . We interpret our 
data in terms of the half-time for disappearance of the 



